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On the other hand, the diffusion coefficients depend on Z-effect
favorably. Thus, the degradation of confinement due to the
increased temperature can be compensated in the high-Z plasma.
Although the anomalous transport may be taking more important
rolls practically, the neoclassical transport may appear with its
magnitude that is not ignorable. Specifically, the radial electric field
can be detennined solely by the neoclassical transport. The radial
electric field is detennined due to the following ambipolar diffusion
condition.
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For the flux r (and for the heat flux Q), the following expressions
given by Shaing et al [1] were used:
[fa] = _e2e1/2v2 [ na ] J00 dx [X5/2] e-xr (x) Aa(x,Er )Q ( h da T 0 7/2 a /.,2 ( E)a na a X LUa X, r
2) Collisionality ofHigh-Z plasma
In neoclassical transport theories in l/v regime, diffusion
increases rapidly with temperature rise, for the diffusion coefficients
has following dependence:
Dion = 11 Vii ZeBr)2 DC 1;7/2Zi-9/2 , Delectron DC T//2Zi-1
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FigJ. Particle Fluxes ofion and electron for z=2 and 5
n = no [ 1- P ) ' 3= To [ 1- P2 ], 1; = :r:, _
nOe =1.0*10 (m ),p =O.5(m), C( =Ch =O.l,B-2.75(T)
The calculation results of the ion and electron fluxes are shown in
Fig3. Since we are interested in the effect of High -Z, calculations
were conducted for two cases of2=2 and 2=5 with Te=Ti= 2keY. It
is noted that the transition from ion root to electron root occurs with
electron temperature as low as 2keV in the high-Z case (2=5). This
is attributed to the enhanced collisionality ofions, by which ion loss
is reduced. Note that the ion collision frequency increases in
proportional to Z5!2 whereas that of electron is in proportional to Z
This is in contrast from the previous works in that the transition
occurs as the electron temperature is raised due to the enhanced
electron loss.
This expression is valid for non-axisymmetric devices in the I/v and
collision less regimes. We solved these simultaneous equations in
order to detennine the electric field with following parameters
assumed:
electrons are heated due to Landau damping. On the other hand, in
the case oflow Neon concentration, one hydrogen ion obtains less
energy with small high energy tail. Thus, ICRF power is transferred
to Neon ions causing ion temperature rises.
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Fig.I. Increment of Ion and
electron temperatures versus
the concentration ratio
ne(Neon)/ ne.
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Since neoclassical theories predict that energy transport increases
as x cx:T7!2 in helical system, achieving the high electron and ion
temperature are important. High electron temperature with internal
transport barrier was obtained in the LHD in 5th campaign with a
strongly focused electron cyclotron heating. But, high ion
temperature was not obtained easily. A high ion temperature was
obtained in the 5th campaign with strong gas puffing of Neon in
NBI heated plasma.
1) ICRF heating for High-Z plasma
Ion Cyclotron Range of Frequency (ICRF) heating is one of the
useful schemes for ion heating. The effect ofNeon in ICRF heating
was investigated. Figure 1 shows the variation of the measured ion
and electron temperatures as the concentration ratio ofH to Neon is
scanned. The effect of ion heating becomes large as the ratio of
neon decreases, taking the maximum value at ne(Neon)/ ne = 0.2.
On the other hand, electron
heating is enhanced as the
neon ratio is increased.
Fig.2(a) and Fig.2(b) show the location of the layers of ion
cyclotron resonance,' hybrid resonance, R- and L-cutoff for
t=38.47MHz, Bo=2.8T andneO=1.0*HY'I9m-3. The concentration
ratio, ne(Neon)/ ne, are 70% and 10% ,respectively, representing for
high and low H-minority cases. In the low H-minority case
( Fig2(a)), a pair ofL-cutoffand hybrid resonance exists close to the
magnetic axis. In the high H-minority case (Fig2(b)), however, the
pair of L-cutoff and hybrid resonance moves to the very periphery
ofthe plasma.
(a) ne(Neon)/ne=O.7 (b) ne(Neon)/ne=O.l
Fig.2 The locations ofICR-, Hybrid- and cutoff-layers
The experimental results obtained in Fig.I may be interpreted as
follows; With rich Neon, one hydrogen ion obtains more power
creating high energy tail, with which the ICRF power is transferred
to electrons. There is also another possibility that the Fast-Wave is
converted into the IBW at the hybrid resonance layer, and the
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